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1
MOTOR CONTROL DEVICE

TECHNICAL FIELD

The present invention relates to a motor control device >
which has an emergency stop function to stop power to a
motor by using emergency stop signals.

BACKGROUND ART
10

Motor control devices generally include a control circuit
for controlling the speed and position of a motor, a rectifying
circuit for converting AC power to DC power, and a drive
circuit for supplying electric current to the drive motor. The
drive circuit supplies power to the motor by switching 1its 15
power transistors on and off.

In conventional motor control devices having an emer-
gency stop function, when an emergency stop signal 1s
received, the drive circuit stops outputting an on-oil signal to
the power transistors. As a result, the power transistors stop 20
power to the motor so as to emergency-stop the motor.

In a robot control system or other equipment where such a
motor control device 1s installed, an emergency stop can be
activated as follows. First, the control circuit 1in such system
or equipment determines whether an emergency stop signal 25
has been received. Then, the control circuit controls the motor
control device to stop transmitting a motion command to the
motor 1f necessary, so as to emergency-stop the motor.

There has been proposed a technique for reducing the risk
of failure of an emergency stop circuit in a motor control 30
device (see, e.g., Patent Literature 1). Such a conventional
emergency stop circuit includes two emergency stop signals.
These emergency stop signals are iputted to respective
CPUs (central processing units) which check the consistency
between these signals. The emergency stop circuit stops a 35
gate drive signal based on the checking result so as to emer-
gency-stop the motor. Thus, the conventional emergency stop
circuit has improved 1ts safety performance by having two
emergency stop signals.

In spite of having two paths of emergency stop signals, the 40
conventional emergency stop circuit has only one shut-off
function to shut off the motor. This means that when the
shut-oil function 1itself breaks down, the motor may not be
successiully emergency-stopped.

Furthermore, the conventional emergency stop circuit 45
requires a complex soltware process because the CPUs are
disposed between a plurality of circuits for transmitting the
emergency stop signals. Therefore, when the software has a
problem, received emergency stop signals may not be pro-
cessed properly. 50

Since the conventional emergency stop circuit stops power
to the motor by the software process by the CPUs, the emer-
gency stop signals are checked at time intervals determined
by a software program. This causes a delay 1n responding to
emergency situations by the time intervals. 55

Thus, 1f the emergency stop function 1n the conventional
motor control device breaks down, this may cause the motor
to continue to rotate against the user’s intention. To avoid
such a consequence, much safer motor control devices have
been required. 60
Patent Literature 1: Japanese Patent Unexamined Publication

No0.2006-268130

SUMMARY OF THE INVENTION

63
The present invention 1s directed to provide a motor control
device which has mput ports for receiving at least two emer-

2

gency stop signals, and drive-controls a motor based on PWM
signals. The motor control device includes an LSI for gener-
ating PWM signals; a PWM signal transmission circuit for
transmitting the PWM signals generated by the LSI; a drive
circuit for generating inverter drive signals based on the
PWM signals transmitted from the PWM signal transmission
circuit; and an inverter circuit including a P-side power
switching device and an N-side power switching device, and
generating motor drive signals based on the inverter drive
signals, the motor drive signals being applied to each phase
winding o the motor. The drive circuit includes a P-side drive
circuit for driving the P-side power switching device, and an
N-side drive circuit for driving the N-side power switching,
device. One of the emergency stop signals 1s inputted to the
P-side drive circuit and the PWM signal transmission circuit.
The other emergency stop signal 1s mputted to the N-side
drive circuit and the PWM signal transmission circuit. In
response to the receipt of an emergency stop signal, the PWM
signal transmission circuit stops transmitting the PWM sig-
nals, and the drive circuit stops outputting the inverter drive
signals.

With this structure, the motor control device has a plurality
of shut-oif functions for the motor, 1n addition to a plurality of
emergency stop signals received through a plurality of mnput
ports. For example, two emergency stop signals can be sepa-
rately supplied to the P-side drive circuit, the N-side drive
circuit, and the PWM signal transfer circuit. These circuits
operate to stop power to the motor in response to the emer-
gency stop signals. Thus, the motor control device can stop
the power to the motor by using one of the shut-oif functions
in response to either one of the emergency stop signals. This
reduces the risk of failure of the emergency-stop operation,
making the motor control device of the present invention safer
due to the reliable emergency stop function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the structure of a motor
control device according to a first exemplary embodiment of
the present invention.

FIG. 2 1s a block diagram showing the structure of a motor
control device according to a second exemplary embodiment
of the present invention.
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DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

The motor control device of the present invention will be
described as follows with reference to accompanying draw-
ngs.

First Exemplary Embodiment

FIG. 1 1s a block diagram showing the structure of a motor
control device according to a first exemplary embodiment of
the present invention.

As shown 1n FIG. 1, motor control device 10 includes
control circuit 12, rectifying circuit 13, and drive circuit 14.
Motor control device 10 1s connected to motor 135 so as to
drive 1t and to control 1ts rotation. Control circuit 12 generates
signals required for drive-controlling motor 15. Control cir-
cuit 12 also controls each component of motor control device
10. Rectitying circuit 13 converts AC power supplied from
power supply 16 to DC power, and supplies the DC power to
drive circuit 14. Drive circuit 14 generates motor drive signals
for driving motor 15 based on the signals from control circuit
12, and transmits the motor drive signals to motor 15. Drive
circuit 14 generates the motor drive signals by the DC power
supplied from rectifying circuit 13.
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In the present exemplary embodiment, motor 15 has three
phase windings of U, V, and W phases. Motor 15 1s driven by
the phase windings being applied with the motor drive signals
which have wavelorms corresponding to the respective
phases. The wavetorms have a phase difference of, e.g., 120
degrees between them.

Motor control device 10 further includes I'F (interface)
connector 11 as an mput port for transmitting and receiving
signals to/from external devices. The pins of I'F connector 11
are assigned with respective functions, and are connected to
the circuit components of control circuit 12 according to the
assigned functions. I/F connector 11 recerves, e.g., command
signals containing commands indicating the speed and posi-
tion of the rotation, and emergency stop signals from outside.
As mentioned above, the emergency stop signals are used to
emergency-stop motor 15. Motor control device 10 receives
two emergency stop signals 1n the present exemplary embodi-
ment, but may receive a larger number of emergency stop
signals.

Control circuit 12 includes LSI (Large Scale Integrated
circuit) 21, CPU (Central Processing Unit) 22, and two emer-
gency stop transier circuits 23.

Emergency stop transier circuits 23 butler the emergency
stop signals mputted to I/F connector 11, and then transmit
the buifered emergency stop signals to CPU 22 and drive
circuit 14. Emergency stop transier circuits 23 each include a
photo-coupler, a CR filter, and a buffer IC. The emergency
stop signals are supplied to motor control device 10 via emer-
gency stop transfer circuits 23 in the present exemplary
embodiment. This reduces the effect of noise and increases
the reliability of the emergency stop signals.

CPU 22, which can be a microprocessor, transmits and
receives various signals, and also monitors each circuit of
motor control device 10 and the emergency stop signals.

LLSI 21, which 1s an integrated circuit having a plurality of
circuits, controls the rotation of motor 15 such as 1ts speed and
position. To achieve such control, motor 135 includes encoder
51 for detecting the rotational position of motor 15. The
positional information detected by encoder 51 1s transmitted
as detected positional information Pd to LSI 21. LSI 21 also
receives a position command Ps via CPU 22 according to a
position command signal inputted to I/F connector 11. LSI 21
performs feedback control so that the rotational position of
motor 15 agrees with the position command Ps, based on the
detected positional information Pd and the position command
Ps received from CPU 22. The feedback control may also
control the speed of motor 15.

To perform the feedback control, LSI 21 generates wave-
form signals having wavetforms to be applied to the phase
windings of motor 15, and then generates six PWM signals by
pulse-width modulating (PWM) the waveform signals. The
s1x PWM signals can be divided 1nto three phases and further
divided into two sides: P side and N side as will be described
later. LSI 21 supplies the six PWM signals to drive circuit 14.

As described above, CPU 22 also works as an emergency
stop monitor unit for monitoring the two emergency stop
signals. In response to the receipt of an emergency stop sig-
nal, CPU 22 controls LSI 21 to stop generating the PWM
signals.

Drive circuit 14 includes PWM signal transmission circuit
41, inverter drive circuit 42, and inverter circuit 44.

Inverter circuit 44 generates three-phase motor drive sig-
nals based on the PWM signals, and drives motor 15 using the
motor drive signals. To generate the motor drive signals,
inverter circuit 44 includes three pairs of positive and negative
power switching devices, that 1s, a total of s1x power switch-
ing devices. FIG. 1 includes three P-side power switching
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devices 4p connected to the positive side (P side) of the DC
power supplied from rectitying circuit 13, and three N-side
power switching devices 4n connected to the negative side (N
side) of the DC power. Power switching devices 4p and 4» are
respectively switched on and off based on the PWM signals,
thereby generating the motor drive signals. The motor drive
signals drive motor 15. To switch power switching devices 4p
and 4» on and off, the PWM signals generated by LSI 21 are
transmitted to inverter circuit 44 via PWM signal transmis-
sion circuit 41 and mverter drive circuit 42. The transmitted
PWM signals are supplied as inverter drive signals from
inverter drive circuit 42 to power switching devices 4p and 4.

PWM signal transmission circuit 41 transmits the PWM
signals supplied from LSI 21 to inverter drive circuit 42.
Furthermore, PWM signal transmission circuit 41 receives
the emergency stop signals from emergency stop transier
circuits 23. In response to the receipt of at least one of the two
emergency stop signals, PWM signal transmission circuit 41
stops transmitting the PWM signals to mverter drive circuit
42.

Inverter drive circuit 42 generates the inverter drive signals
for switching power switching devices 4p and 47 on and off
based on the PWM signals received from LSI 21. Inverter
drive circuit 42 includes P-side drive circuits 43p for driving
three P-side power switching devices 4p, and N-side drive
circuits 43 for driving three N-side power switching devices
dn. P-side drive circuits 43p receive one of the two emergency
stop signals from one of emergency stop transier circuits 23.
N-side drive circuits 437 receive the other emergency stop
signal from the other emergency stop transfer circuit 23. In
response to the receipt of the emergency stop signals, P-side
and N-side drive circuits 43p and 43# stop generating the
inverter drive signals.

The following 1s a description of the operation of motor
control device 10 having the above-described structure,
mainly considering the emergency stop function.

I/F connector 11 uses two of 1ts pins as input ports for the

emergency stop signals. The two emergency stop signals
supplied to I/F connector 11 are independently transmitted to
drive circuit 14 via emergency stop transfer circuits 23. In
addition, CPU 22 monitors the presence of the emergency
stop signals.
The two emergency stop signals are separately connected
to the dedicated terminals of PWM signal transmission circuit
41 of drive circuit 14. One of the two emergency stop signals
1s connected to P-side drive circuits 43p, and the other 1s
connected to N-side drive circuits 43x.

Thus, 1n motor control device 10, one of the emergency
stop signals 1s inputted to P-side drive circuits 43p and PWM
signal transmission circuit 41, and the other emergency stop
signal 1s inputted to N-side drive circuits 437z and PWM signal
transmission circuit 41. CPU 22, which monitors the two
emergency stop signals, controls LSI 21 to stop generating
the PWM signals 1n response to the receipt of an emergency
stop signal.

When the two iput ports of I'F connector 11 receive emer-
gency stop signals, PWM signal transmission circuit 41,
P-side drive circuits 43p, and N-side drive circuits 437 are
requested to perform an emergency stop. As a result, P-side
drive circuits 43p and/or N-side drive circuits 437 stop gen-
erating and transmitting the inverter drive signals. Inverter
circuit 44, which drives motor 15 using a three-phase PWM
control method, stops power to motor 15 when P-side power
switching devices 4p and/or N-side power switching devices
dn stop switching. In other words, when P-side drive circuits
43p and/or N-side drive circuits 43n stop generating the
inverter drive signals, inverter circuit 44 stops switching. This
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results 1n stopping power to motor 15. These operations act as
a shut-oil function for motor 15 to stop its rotation.

When requested to perform an emergency stop, PWM sig-
nal transmission circuit 41 stops transmitting the PWM sig-
nals. As a result, inverter drive circuit 42 does not output the
iverter drive signals, and inverter circuit 44 stops switching.
These operations also stop power to motor 15, and act as
another shut-oif function for motor 15 to stop its rotation.

In addition, CPU 22 makes LSI 21 stop generating the
PWM signals. As a result, inverter drive circuit 42 does not
receive the PWM signals, and hence does not output the
inverter drive signals. Then, inverter circuit 44 stops switch-
ing. These operations also stop power to motor 15, and act as
another shut-off function for motor 15 to stop its rotation.

As described hereinbelfore, motor control device 10 1n the
present exemplary embodiment has two paths of emergency
stop signals, and when at least one of the two emergency stop
signals 1s effective, the motor can be emergency-stopped.
With the two emergency stop signals, motor 15 can be emer-
gency-stopped by stopping at least one of the following: the
generation of the PWM signals by LSI 21; the transmission of
the PWM signals by PWM signal transmission circuit41; and
the generation of the mverter drive signals by inverter dI‘lVE:
circuit 42. Thus, the present exemplary embodiment has a
plurality of shut-off functions for motor 15. Even 1if one
function breaks down, the other functions allow the motor to
emergency-stop, thereby reducing the risk of failure of the
emergency-stop eperatien of the motor control device. Fur-
thermore, motor 15 1s emergency- stopped by the function
responded most quickly of all the shut-off functions, thereby
increasing the response speed ol the emergency stop function.

One of the two emergency stop signals 1s connected to
P-side drive circuits 43p, and the other 1s connected to N-side
drive circuits 43 1n the present exemplary embodiment. As
mentioned above, power to motor 135 can be stopped by stop-
ping the switching of P-side power switching devices 4p
and/or N-side power switching devices 4n of imverter circuit
44. Thus, motor 15 can be emergency-stopped by the ones
that have responded more quickly of P-side drive circuits 43p
and N-side drive circuits 437, thereby increasing the response
speed of emergency stop function.

Thus, 1n the present exemplary embodiment, power to the
motor can be stopped by using one of the shut-oif functions in
response to the receipt of either one of the emergency stop
signals. As a result, the motor control device has an emer-
gency stop function with a high response speed, and the
emergency-stop operation with a low risk of failure.

Second Exemplary Embodiment

FI1G. 2 1s a block diagram showing the structure of a motor
control device according to a second exemplary embodiment
of the present invention.

Motor control device 10 of the present exemplary embodi-
ment differs from motor control device 10 of the first exem-
plary embodiment 1n having P-side power-oif circuit 45p and
N-side power-oil circuit 457. P-side power-oil circuit 45p 1S
connected to P-side drive circuits 47p. N-side power-oil cir-
cuit 457 1s connected to N-side drive circuits 477z, Compo-
nents identical to those 1n the first exemplary embodiment are
denoted by the same reference numerals, and hence the
description thereof will be omutted.

In FIG. 2, P-side power-oil circuit 45p, which 1s composed
ol a transistor, turns on and off the power to P-side drive
circuits 47p. P-side power-oil circuit 45p 1s connected to one
of the emergency stop signals. Inresponse to the receipt of the
emergency stop signal, P-side power-oil circuit 45p stops
power to P-side drive circuits 47p. Similar to P-side drive
circuits 43p shown 1n the first exemplary embodiment, P-side
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drive circuits 4"7p have the function of generating the inverter
drive signals. When P-side power-oif circuit 45p stops power
to P-side drive circuits 47p, P-side drive circuits 47p stop
generating the inverter drive signals.

N-side power-oil circuit 457, which 1s composed of a tran-
sistor, turns on and oil the power to N-side drive circuits 47x.
N-side power-oil circuit 457 1s connected to the other emer-
gency stop signal. In response to the receipt of the emergency
stop signal, N-side power-oif circuit 45 stops power to
N-side drive circuits 47x. Similar to N-side drive circuits 437
shown 1n the first exemplary embodiment, N-side drive cir-
cuits 47» have the function of generating the imnverter drive
signals. When N-side power-oif circuit 45 stops power to
N-side drive circuits 47r, N-side drive circuits 47n stop gen-
erating the inverter drive signals.

Using P-side and N-side power-oil circuit 45p and 45
makes 1t unnecessary to provide the function of stopping the
generation of the mverter drive signals, which 1s included 1n
P-side and N-side drive circuits 43p and 437 described 1n the
first exemplary embodiment. This structure eliminates the use
of the element for realizing the function of stopping the gen-
eration of the mverter drive signals, thereby providing the
circuits with a higher degree of freedom in design.

As described hereinbefore, 1n the motor control device of
the present invention, one of the emergency stop signals 1s
inputted to either P-side drive circuits or P-side power-oif
circuit and to PWM signal transmission circuit. The other
emergency stop signal 1s mputted to either N-side drive cir-
cuits or N-side power-oit circuit and to PWM signal trans-
mission circuit. In addition, CPU monitors the two emer-
gency stop signals, and controls the LSIto stop generating the
PWM signals 1n response to the receipt of the emergency stop
signals. Thus, the motor control device of the present inven-
tion has a plurality of shut-oil functions for the motor in
addition to a plurality of emergency stop signals recerved
through a plurality of input ports.

The motor control device of the present invention can stop
power to the motor by using one of the shut-off functions in
response to the receipt of etther one of the emergency stop
signals. This increases the response speed of the emergency
stop Tunction and reduces the risk of failure of the emergency-
stop operation. As a result, the motor control device 1s safer
due to the reliable emergency stop function.

Industrial Applicability

The motor control device of the present mvention can
improve reliability and safety of the emergency stop function
of an apparatus on which 1t 1s mounted. Thus, the motor
control device 1s usetul for industrial and other motors requir-
ing high safety.

Retference Marks 1n the Drawings

4dp P-side power switching device

4n N-side power switching device

10 motor control device

11 I/F connector

12 control circuit

13 rectitying circuit

14 drive circuit

15 motor

16 power supply

21 LSI

22 CPU

23 emergency stop transier circuit

41 PWM signal transmission circuit

42 1nverter drive circuit

43p, 47p P-side drive circuit

43n, 47n N-side drive circuit

44 1nverter circuit

it
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45p P-side power-oif circuit

451 N-side power-oif circuit

51 encoder

The mvention claimed 1s:

1. A motor control device having input ports for receiving

at least two emergency stop signals, and drive-controlling a
motor based on PWM signals, the motor control device com-
prising:

an LSI for generating the PWM signals;

a PWM signal transmission circuit for transmitting the
PWM signals generated by the LSI;

a drive circuit for generating inverter drive signals based on
the PWM signals transmitted from the PWM signal
transmission circuit; and

an 1nverter circuit having a P-side power switching device
and an N-side power switching device, the imnverter cir-
cuit generating motor drive signals based on the inverter
drive signals, the motor drive signals being applied to
individual phase windings of the motor, wherein

the drive circuit includes a P-side drive circuit for driving
the P-side power switching device and an N-side drive
circuit for driving the N-side power switching device;

one of the emergency stop signals 1s mputted to the P-side
drive circuit and the PWM signal transmission circuit;

5
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another of the emergency stop signals 1s mputted to the
N-side drive circuit and the PWM signal transmission
circuit;

the PWM signal transmission circuit stops transmitting the
PWM signals 1n response to receipt of any of the emer-
gency stop signals; and

the drive circuit stops outputting the inverter drive signals

in response to the receipt of any of the emergency stop
signals.

2. The motor control device of claim 1, further comprising:

an emergency stop monitor unit for monitoring the emer-
gency stop signals, and controlling the LSI to stop gen-
erating the PWM signals in response to any of the emer-
gency stop signals.

3. The motor control device of claim 1, further comprising:

a P-side power-oll circuit for stopping power to the P-side
drive circuit 1n response to one of the emergency stop
signals; and

an N-side power-oif circuit for stopping power to the
N-side drive circuit 1n response to another of the emer-
gency stop signals.

G o e = x
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